Introduction
The behaviour of regional house prices has constituted a keen area of research in recent years. An important line of investigation has focused on interrelationships between regional house prices and testing the hypothesis that shocks to regional house prices "ripple out" across the economy on account of factors such as migration, equity transfer, spatial arbitrage and spatial patterns in the determinants of house prices (Meen, 1999) . 1 A shock that hits, for instance, on London house prices, may have no immediate impact on house prices in neighbouring regions (e.g. East Anglia) or in more far-flung areas (e.g. Scotland). However those regions may eventually feel the impact of the shock (possibly at different times). If the shocks impact on regional house prices to quite different degrees in the long run, then wealth disparities can widen as those people owning houses in regions with high house price rises increase their wealth relative to house owners in other regions. Under certain conditions, the long run effect of house price shocks may be the same across the entire country. In these circumstances, the housing market may be a source of temporary disparities in wealth across regions but not of long term disparities. In understanding the inter-relationship of the housing market with regional disparities, it is therefore important to test whether house price shocks ripple out fully across all regions or whether the long run effects of shocks are more localised.
If a ripple effect is indeed present, it will be predicated on a degree of long-run relative constancy between regional house prices where the ratio between each regional price and the national house price is stationary. While a large literature now exists supporting the notion of a causal link from house prices in the South East of England to other regions, the literature to date offers only mixed evidence that long-run equilibrium relationships between all regional house prices actually exist. A range of studies employ Engle and Granger (1987) or Johansen (1988) likelihood ratio tests of cointegration in the search of regional-national house price convergence (see, inter alia, Holmans (1990), MacDonald and Taylor (1993) , Alexander and Barrow (1994) , Drake (1993) , Ashworth and Parker (1997) , Meen (1999) , Petersen et al (2002) ), yet the conclusions drawn from these studies have varied. For example, MacDonald and Taylor (1993) suggest a ripple effect is present in a limited form where mixed evidence of longrun relationships between regional house prices leads to the notion of weak segmentation of the housing market.
2 Holmans (1990) Given the lack of consensus on regional house price convergence in the long-run, the key contribution offered by this study is in terms of the econometric methodology that is employed. Our tests for regional house price convergence are on the basis of whether the largest principal component (LPC), based on regional benchmark deviations from the average UK house price, is stationary or not. The use of factor structures to test for unit roots and common trends is reflected in growing literature that includes Snell (1996) , Hall et al (1999) , Moon and Perron (2002) , Phillips and Sul (2002) , Bai (2004) and Bai and Ng (2004) and others. On the basis of this literature, one can argue that dynamic factor models are useful in several areas of economic analysis. The first is index modeling and extraction where factors are regarded as unobservable economic indices that capture the comovement of many variables. Second, factors synthesize information in a way that is capable of aggregating information from many economic indicators. Third, Stock and Watson (1999) , Favero and Marcellino (2001) and Artis et al (2001) show how dynamic factor models can be used to improve forecasting accuracy.
Fourth, one major source of cross-section correlation in macroeconomic data is common shocks. Dynamic factor models are capable of modeling cross-section correlations allowing for heterogeneous responses to common shocks through heterogeneous factor loadings. Fifth, factor models can be used to study cross- Hall et al (1999) who point to favourable size and power qualities of using principle components to ascertain the number of common stochastic trends driving non-stationary series when the number of observations exceeds the number of series.
The paper is organised as follows. The following section discusses the data and econometric methodology. The third section reports and analyses the results. We find that the LPC based on regional house price deviations from the UK average house price is indeed stationary. However, we find that the speed of adjustment back towards long-run equilibrium indicates a very high degree of persistence. The final section concludes.
Searching for Regional House Price Convergence
This study employs a two-stage testing procedure for regional is in the n variables contained in X t . We can construct n linearly independent principal components which collectively explain all of the variation in X t where each component is itself a linear combination of the it u 's. 3 The first principal component explains the greatest part of the variation in X t , the second principal component (orthogonal to the first) explains the greatest part of the remaining variation, and so forth. Since I(1) variables have infinite variances, whereas stationary variables have constant variances, it follows that the LPC will be I(1), if I(1) variables are present within X t , and so corresponds to the notion of a common trend [Stock and Watson (1988) ]. However, if the LPC is I(0) then all remaining principal components will also be stationary and there are no common trends, indicating that the it u 's contained in X t are themselves stationary. The latter finding would confirm strong convergence with respect to the base across the sample of n benchmark deviations. However, if long-run convergence holds for each region with respect to the UK base then it must be the case that convergence holds between all regional pairs.
We may now consider stage one of the LPC methodology in relation to the identification of common trends. Following Stock and Watson (1988) we can argue that each element of X t may be written as a linear combination of k n ≤ independent common trends which are I(1), and ( ) . If there are k common trends, Snell (1996) demonstrates that the k LPCs of X t may be written as 
The LPC will be I(1) provided there is at least one common trend among the it u 's contained in X t . We can therefore test the null hypothesis that the LPC is non-stationary against the alternative hypothesis that the LPC is I(0). Rejection of the null means that all principal components are stationary and so there are no common trends among the it u 's contained in X t . This confirms strong convergence with respect to the UK base across all regions. To test the stationarity of the LPC, this study employs univariate unit root tests advocated by Elliot et al. 
Data and Results
The data examined are quarterly observations on the natural logarithm of regional house prices for all properties over the period 1973-2005 using two datasets obtained from the Nationwide Bank/Building Society and Halifax Bank. with the UK average with a unity coefficient. In the case of the Elliott et al (1996) DF-GLS unit root tests, evidence is weaker still where stationarity is only confirmed for the North and North West regions. Despite the application of unit tests that are relatively more powerful than ADF unit root testing, the initial analysis points to a lack of convergence with the possibility of multiple stochastic trends driving regional house prices.
Alternatively, regional house price convergence may be examined in a multivariate setting using the familiar Johansen (1988) cointegration testing procedure which is more powerful than the regression-based tests. MacDonald and Taylor (1993) use this approach and find evidence of multiple stochastic trends driving the eleven UK regional house price levels they choose to examine over their study period of 1969-87. For the purposes of the current study, evidence of n cointegrating vectors found for the n regional house price differentials would imply that all regional house differentials are stationary. This result would be consistent with all regional house price levels, along with the UK house price level, being driven by a single stochastic common trend based on long-run 5 The purpose of mix adjustment is to isolate pure price changes. One can show how changes in the mixture of properties sold each quarter could give a misleading picture of what is actually happening to house prices. Moreover, the set of properties sold from quarter to quarter will vary by location and design etc. and some adjustment is necessary to make sure these factors do not give a false impression of the actual changes to house prices. A mix-adjusted or 'standardised' index is not affected by such changes because the relative weight given to each characteristic of a property in the 'mix' (or 'basket', to use an analogy with consumer prices) is fixed from one quarter to the next.
cointegrating coefficients of unity. However, the Johansen estimates reported in Table 2 indicate that there are at most six cointegrating vectors (at the 5% significance level) and therefore, no fewer than seven stochastic trends driving the thirteen differentials. This implies the presence of no fewer than eight stochastic trends driving the regional and UK house price levels. It is possible that we may find evidence of fewer stochastic trends if the imposition of long-run homogeneity in the cointegrating vectors is relaxed and we test for a milder version of long-run convergence. Table 2 also reports that if the Johansen procedure is applied to the thirteen regional house price levels, rather than differentials, there is evidence of at most seven cointegrating vectors or no fewer than six stochastic trends. In this multivariate setting, relaxing homogeneity facilitates the finding of fewer stochastic trends, yet overall evidence in favor of regional house price convergence is still very weak indeed.
The central theme of this paper is that the univariate unit root and multivariate cointegration tests suffer from low test power making rejection of the null of non-stationary or non-cointegration difficult. To address this issue, we apply the LPC methodology to the regional house price differentials. The LPC explains 59.3% of the variation in regional house price differentials (using the Nationwide data). Table 3 reports that we are able to reject the null hypothesis of nonstationarity of the LPC. Since the LPC explains the largest variation in the behavior of regional house price differentials, it is this principal component that will be non-stationary if non-stationary differentials are present. Since the LPC is stationary, it follows that all other principal components will also be stationary.
This implies that all regional-national price differentials are stationary and since cointegration is a transitive concept, all bivariate regional pairs are characterized by cointegration sharing the same common stochastic trend with a long-run coefficient of unity. This is evidence of strong convergence among regional house prices.
Given the confirmation of convergence, it is of interest to examine the overall speed of adjustment of the regional-national house price ratios towards long-run equilibrium. With regard to the Nationwide data set over the 1973Q4-2005Q1 period, the LPC has a half-life of 32.4 quarters. Since we computed that the LPC explains almost 60% of the variation in regional house price differentials, the majority of variation is characterized by a very high degree of persistence. To assess the robustness of our findings, we estimate using the Halifax data against the LPC methodology and compare the respective findings. As before, each region is measured as a differential against the UK average.
Initial multivariate estimation using the Johansen cointegration test indicated that there are no more than seven cointegrating vectors among the twelve regional house price differentials. This implies the existence of at least five stochastic trends among the house price differentials or six common stochastic trends driving the regional and UK house price levels. In addressing the faster speed of adjustment during the shorter study period, one might refer to the debate on whether or not the UK mortgage market was subject to rationing and excess demand during the 1970s and early 1980s. It is possible that relative house price adjustment may have suffered some degree of short-run impediment in adjustment towards long-run equilibrium. Moreover, some studies have argued that the use of the monetary policy "corset" during 1973-80 restricted the entry of the clearing banks into the mortgage market. In turn, the building societies cartel, abandoned in 1983, maintained mortgage interest rates at below market clearing levels with subsequent rationing of mortgage advances by non-price means such as variations in the loan-income ratio, the loan-value ratio and the period to maturity. 6 4
Summary and Conclusion
Our study has approached the debate concerning regional house price convergence from a new perspective based on the application of principal components analysis and unit root testing. In contrast to much of the existing literature that employs more traditional unit root and cointegration testing procedures, we find in favour of regional house price convergence within the UK.
This conclusion is based on finding long-run equilibrium relationships, with elasticities of unity, across the regions within a multivariate setting. In turn, this suggests that there is long-run constancy in the house price ratios between all regions. Thus house price shocks that emanate from any region(s) eventually "ripple out" to have the same multiplicative effect on all regional house prices.
However, the speed of adjustment towards long-run equilibrium is slow and we calculate that it may be six to eight years before more than half the adjustment is actually achieved. Elliott et al (1996) and Ng and Perron (2001) unit roots tests (respectively denoted by DF-GLS (no trend), and NP (no trend)) on the log regional house prices minus the log UK house price. ***, ** and * denote rejection of the non-stationary null hypothesis at the 1, 5 and 10% significance levels respectively with critical values of -2.58, - 
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